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Appendix S1: Pheromone detection function 
The pheromone dosages in Hagaman & Cardé (1984) were converted into densities of 
pheromone around the male using the following procedure: 
- Volume of pheromone plume between the source and the male (pheromone plume as a 
cone), drV ..
3
1 2π=  where r is the radius of the cone at the male location and d is the distance 
between the male and the pheromone source (d = 2.55 m). r is given by a constant expansion 
rate of the plume (0.02 m.s-1) during the time separating the source and the male (3.64 s). 
- Density of pheromone = 
V
tD .0  where D0 is the release rate (D0 = 5x10-6 ng.s-1 for 1000 ng 
dose and D0 = 2.5x10-6 ng.s-1 for 100 ng dose) and t is given by the distance d divided by the 
wind speed (0.7 m.s-1) 
We fitted a logarithmic model for insect response to the density of pheromone (Figure S1) and 
used the percentage of wing fanning as a probability to detect the pheromone in our model. 
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Figure S1: Pheromone detection function: ( ) 98924.0ln*05563.0 += xy  (R2 = 0.85) where y 
is probability of detection and x the pheromone concentration in ng.m-3. Note the logarithmic 
scale of x-axis. 
Appendix S2: Environmental data 
CALMET and CALPUFF air quality modelling systems (Scire et al., 1998; Wang et al., 
2008) were used to generate spatio-temporally gridded estimates of the environmental 
conditions of wind and pheromone concentration for the modelling period and across the 
study area at a temporal scale of 10 minutes and a spatial scale of 200 m.  CALMET requires 
information on wind direction and strength, elevation and land cover.  Weather data recorded 
at six meteorological stations at 1 minute and 10 minute intervals and at hourly intervals at 
other three meteorological stations of the New Zealand Climate Database (Figure 3) were 
used.  Information regarding land cover was extracted from the New Zealand land cover 
database (LCDB2, http://www.mfe.govt.nz/issues/land/land-cover-dbase/). 
CALPUFF can use meteorological grids generated by CALMET to estimate the pheromone 
concentration through time across the landscape as it emanates from a network of lures.  As 
the pheromone emission rate of caged virgin painted apple moth is unknown, we assumed a 
rate measured for laboratory reared and wild gypsy moths, which averaged 15 ng for a two 
hour period (Charlton & Cardé, 1982).  This rate was used in CALPUFF and assumed to 
apply at a constant rate over a daytime emission period from 8 am to 8 pm. 
Appendix S3: Definition of the fitness function 
Different fitness functions were tested: 1) the sum of squared differences on trap catches was 
adapted to fit the density of recapture, 2) Cohen’s kappa (Cohen, 1960) was adapted to fit the 
recapture pattern, and, 3) the distance weighted sum of squared differences on paired results 
(DSSDP).  The DSSDP, was developed to integrate within a single estimate, both density and 
pattern of recaptures derived from stochastic processes: 1) the further from the release 
location a trap was, the higher the impact of each recapture on the fitness score; 2) an 
allowance was included for the stochasticity in the recapture pattern due to both the behaviour 
of the insects during the mark-release-recapture experiment and during the simulation in our 
model (Guichard et al., 2009). 
To calculate the DSSDP, each observed recapture was paired with the closest simulated 
recapture and DPi was set as the distance between the locations of these two traps.  The 
minimal value of DPi was 0 when recaptures were observed and simulated in the same trap.  
The DPi was capped by the distance between the observed recapture and the release location 
as it did not make sense to pair observed recaptures with simulated recaptures located further 
than the release location.   
The best score for the fitness function occurred for a perfect match between observed and 
simulated recaptures where the DSSDP equalled zero.  In other cases, the higher the DSSDP; 
the more poorly the model fitted the data and the lower the fitness of the model was. The 
DSSDP was calculated for each trap i using equation (1) adapted from Guichard et al. (2009):  
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Where n is the total number of traps; Pi, the number of observed recaptures in the trap i paired 
with simulated recaptures in the closest trap; DPi, the distance between traps of paired 
recaptures; Oi, the number of observed recaptures not paired for the trap i; Si, the number of 
simulated recaptures not paired for the trap i; Di the distance between trap i and the release 
location.   
The first element of the sum (1) represents the part of the fitness score for observed recaptures 
paired with the closest simulated recapture, accounting for the stochasticity in the recapture 
pattern.  For the remaining recaptures and when pairing was impossible, the second element 
of the sum (1) represents the part of the fitness score due to model omissions or commissions. 
Omissions represents the situation when the model failed to reproduce observed recapture(s) 
in trap i (and pairing was impossible); in this case Si equals zero. Commission represents a 
situation when the model simulated extra recapture(s) in the trap i (and pairing was 
impossible); in this case Oi equals zero.  
The developed fitness function rewarded agreement in the vicinity of traps where the highest 
number of recaptures was observed (usually close to the release location) and also for traps far 
away from the release location where the number of recaptures was often low (Figure S3). 
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Figure S3: Recapture abundance in relation to the distance between trap and release locations.  
Note the variable size of the distance classes on the x-axis. 
Appendix S4: Methodology to concentrate a convex hull of a cloud of dots around centre 
of mass  
The convex hull was drawn around a cloud of dots (Figure S4a).  Convex hull extremities 
were identified from the cloud of dots by recursively eliminating each dot inside of two 
neighbouring dots.  The position of the centre of mass was calculated as the average x and y 
coordinates of all the dots (Figure S4a).  For each dot, the distance to the centre of mass was 
calculated and the furthest dot to the centre of mass was deleted.  The convex hull was drawn 
around the remaining cloud of dots (Figure S4b).  The position of the new centre of mass was 
calculated. Note the difference in the location of the centre of mass between figures S4a and 
S4b: the centre of mass “migrated” to the highest nugget of density of the cloud of dots.  
These iterations were repeated until the cloud of dots did not allow a convex hull to be drawn.  
This methodology was used to calculate the minimum area in which the origin was found 
following a hindcast strategy.  The hindcast model generated a cloud of agent locations and 
the hindcast strategy comprised a progressively larger search area: in this example, the search 
area (Figure S4b) would be extended to the area (Figure S4a) if the source was not detected in 
the search area (Figure S4b). 
 
 
Figure S4: Illustration of methodology to delineate a convex hull (black line) of a cloud of 
dots (black circles) around centre of mass (grey square). Cloud of dots and associated convex 
hull and centre of mass: (a) before and (b) after the deletion of the furthest dot to the centre of 
mass. 
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